Background. Epithelial-mesenchymal transition (EMT) plays a critical role in renal fibrosis. We hypothesize that mitochondrial DNA damage and DNA deletions caused by reactive oxygen species (ROS) during renal ischemia-reperfusion injury (IRI) might lead to EMT in renal fibrosis. Methods. Rats were classified into seven groups: shamoperation, IRI, postconditioning (POC), I/R þ apocynin, POC þ apocynin, I/R þ Mito-Tempol (Mito-T) and POC þ Mito-T. These groups were monitored for up to 3 months. Serum creatinine, renal histopathology changes and mitochondrial oxidative stress were examined. We also treated NRK52E cells with 200 lM hydrogen peroxide to evaluate the effect of ROS on EMT development, and with 400 ng/mL ethidium bromide to assess the extent of mitochondrial DNA depletion during EMT. Results. Three months after IRI injury, the IRI group showed significant renal fibrosis, increased generation of ROS and higher mitochondrial DNA damage and DNA deletions. However, the severity of renal fibrosis and mitochondrial oxidative stress were markedly attenuated in the POC group. Studies on NRK52E cells showed that mitochondrial DNA damage triggered the development of EMT. Conclusions. Mitochondrial DNA damage induced by elevated ROS production likely leads to EMT, and might further result in renal fibrosis. POC treatment might attenuate the degree of renal fibrosis by protecting mitochondria from oxidative stressinduced mitochondrial DNA damage.
I N T R O D U C T I O N
Ischemia-reperfusion injury (IRI) is a common pathophysiology that underlies the dysfunction of many organs; it can occur during organ transplant and shock, and following vessel occlusion [1] . Renal IRI is one of the main causes of renal fibrosis [2] ; past studies suggested that IRI can lead to intracellular Ca 2þ accumulation [3] , activation of inflammatory mediators [4] and an overproduction of reactive oxygen species (ROS) that contribute to subsequent renal injury [5, 6] . Despite fully restoring the perfusion of the ischemic kidneys, they still exhibit pathological changes specific to IRI and set the stage for chronic renal failure manifesting as glomerulosclerosis and tubulointerstitial fibrosis [7] . These changes precipitate the progression from renal fibrosis to scar formation, are often irreversible and can be responsible for the high risk of mortality associated with renal fibrosis. Currently, there is no reliable therapeutic approach for reversing renal fibrosis, and patients with renal fibrosis and endstage renal disease can only receive lifelong dialysis or renal transplantation. Therefore, a new treatment is urgently needed.
Many reports have suggested that epithelial-mesenchymal transition (EMT) is the core pathologic process during the progression of fibrotic diseases and cancer [8, 9] . EMT describes the phenomenon in which epithelial cells are transformed into cells with mesenchymal phenotypes during pathological conditions, accompanied by the loss of epithelial markers and by the increased expression of mesenchymal markers [10] . Previously, we discovered that ROS generated by mitochondria might lead to mitochondrial DNA damage and DNA deletions as early as 1 h after reperfusion [11] . It is, therefore, plausible that excessive ROS, mitochondrial DNA damage and DNA deletions affect the process of EMT.
The concept of postconditioning (POC) was first described by Zhao et al. [12] in 2003; to reduce the extent of reperfusion injury, they repeated transient blood vessel clamping resulting in ischemia and reperfusion before complete reperfusion. IRI occurs in many tissues including liver, gastrointestinal mucosa and neurons, and IRI can be alleviated by POC treatment if POC is delivered before the onset of complete reperfusion [12] [13] [14] .
Several studies found that ROS played a significant role in the pathogenesis of IRI [6] . In addition, our previous studies also revealed that POC could protect kidneys from acute injury through the reduction of ROS generation and through the attenuation of mitochondrial DNA damage and DNA deletions [11, 15] . 
We hypothesized that the development of renal fibrosis following IRI might be associated with mitochondrial oxidative damage, and that POC treatment can ameliorate renal fibrosis by lowering mitochondrial ROS production. In this study, we used in vitro and in vivo models of oxidative stress to validate our hypothesis.
M A T E R I A L S A N D M E T H O D S

Reagents and antibodies
A Masson kit and a streptomycin-biotin-peroxidase immunohistochemical staining kit were purchased from Jiancheng Biological Engineering Institute (Nanjing, Jiangsu, China) and Maixin Biological Technology Corporation (Fuzhou, Fujian, China), respectively.
Antibody against 8-hydroxy-2-deoxyguanosine (8-OHdG), nitrotyrosine, a-smooth muscle actin (SMA) and b-actin were purchased from JAICA (Shizuoka, Japan), Invitrogen (Carlsbad, CA, USA), Sigma Aldrich (St Louis, MO, USA) and Cell Signaling Technology (Beverly, MA, USA), respectively. Anti-ZO-1 antibody and rabbit anti-vimentin antibody (Abcam, Cambridge, UK) as well as anti-rabbit and anti-mouse secondary antibodies (Jackson ImmunoResearch, Pittsburgh, PA, USA) were also obtained.
Fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgG (Santa Cruz Biotechnology, Santa Cruz, CA, USA), 4 0 ,6-diamidino-2-phenylindole (DAPI), ethidium bromide (EtBr) and Amplex Red H 2 O 2 /peroxidase assay kit (Invitrogen), mitochondria isolation kits (Sigma-Aldrich) and CCK8 (Dojindo, Kumamoto, Japan) were also purchased for use in the experiments.
Animals
Male Sprague-Dawley rats were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd (Beijing, China). All experimental procedures complied with National Institutes of Health (NIH) Guidelines and were approved by the Animal Care Committee of Capital Medical University.
In vivo model of ischemia-reperfusion
We used the right nephrectomy procedure in an animal model to study renal IRI. Rats were divided into seven groups: (i) sham-operation group-the left kidneys were exposed without manipulating renal pedicles; (ii) IRI groupafter a right nephrectomy, left renal pedicles were clamped with a noninvasive artery clamp for 45 min before reperfusion; (iii) POC group-the kidneys were subjected to three cycles of reperfusion for 30 s followed by ischemia for 30 s immediately after 45 min of ischemia, and lastly followed by a complete reperfusion; (iv) I/R þ apocynin group-animals treated with apocynin 20 mg/kg intraperitoneally 1 h before ischemia; (v) POC þ apocynin group-animals treated with apocynin 20 mg/ kg intraperitoneally 1 h before POC; (vi) I/R þ Mito-Tempol (Mito-T) group-animals treated with Mito-T 10 mg/kg intraperitoneally 1 h before ischemia; and (vii) POC þ Mito-T group-animals treated with Mito-T 10 mg/kg intraperitoneally 1 h before POC. Animals were sacrificed on the second day, the first month and the third month after treatment.
Cell culture
The NRK52E cell line was obtained from American Type Culture Collection (Rockville, MD, USA) and propagated in Double Modified Eagle Medium-High Glucose (DMEM-HG) supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 lg/mL streptomycin (Gibco, South Logan, UT, USA) at 37 C in a humidified incubator with 5% CO 2 . After reaching 40-50% confluence, cells were exposed to 200 lM hydrogen peroxide (H 2 O 2 ) for 18 h. To obtain cells with mitochondrial DNA depletion, wild-type NRK52E was maintained in phenol red-free DMEM-HG supplemented with 10% FBS, 100 U/mL penicillin, 100 lg/mL streptomycin, 400 ng/mL EtBr, 1 mM sodium pyruvate and 50 lg/mL uridine (Sigma Aldrich) for 20 days to detect mitochondrial DNA depletion.
Histological analysis
Kidney tissues were dissected and fixed with 10% formaldehyde for 1 week, then embedded in paraffin; 4-lm renal tissue sections were stained with hematoxylin and eosin (H&E). Masson trichrome staining was performed to assess renal fibrosis. Immunohistochemistry staining for 8-OHdG and nitrotyrosine expressions was done as follows.
In brief, sections were incubated with anti-8-OHdG or nitrotyrosine antibody at 4 C overnight, and 3,3 0 -diaminobenzidine (DAB) was used for detecting positivity. For immunofluorescence staining of ZO-1, 8-OHdG, ZO-1 and vimentin, NRK52E cells were grown on cover slips and fixed in 4% paraformaldehyde for 10 min at room temperature, and then washed twice with phosphate-buffered saline (PBS). After being treated with 0.3% triton X-100 for 10 min, the cover slips were blocked with 1% donkey serum for 1 h, and then incubated at 4 C overnight with the selected primary antibodies followed by a fluorescencelabeled secondary antibody for 45 min at room temperature. After washing thrice with PBS, the cell nuclei were stained with DAPI. Finally, samples were imaged under a confocal laserscanning microscope.
Western blotting analysis
Protein was equally loaded onto a sodium dodecyl sulfate (SDS) polyacrylamide gel at 80 V for 0.5 h, then 90 V for 2 h and finally transferred to polyvinylidene fluoride (PVDF) blotting membranes. Membranes were blocked in 5% bovine serum albumin (BSA) for 1 h at room temperature, and then incubated overnight at 4 C with anti-a-SMA (1:5000; Sigma Aldrich) and anti-nitrotyrosine antibody (1:2000; Invitrogen). Membranes were washed thrice, incubated with peroxidase-conjugated secondary antibodies for 1 h at room temperature, and washed thrice again. Protein bands were visualized by luminal chemiluminescence (Bio-Rad, Hercules, CA, USA). Gray scale values were analyzed using ImageJ software (NIH) to determine the protein expression level.
Real-time polymerase chain reaction analysis
Mitochondrial fractions in renal tissues were extracted according to the methods described previously [11] . Total DNA from EtBr-treated cells, controls and mitochondrial DNA were isolated with the DNeasy blood and tissue kit (Qiagen, Dusseldorf, Germany). Mitochondrial DNA deletions were evaluated as described previously [11, 15] . In brief, primer sets for amplifying mitochondrial DNA deletion were 5 0 -TTTC TTCCCAAACCTTTCCT-3 0 and 5 0 -AAGCCTGCTAGGATG CTTC-3 0 , while primer sets for wild-type mitochondrial DNA were 5 0 -GGTTCTTACTTCAGGGGCCATC-3 0 and 5 0 -GTGG AATTTTCTGAGGGTAGGC-3 0 . The sequences and the numbering are based on the complete mitochondrial genome of the rat (GenBank accession no. AJ428514). Mitochondrial DNA depletions were also evaluated as described previously [16, 17] . The primer sequences for GAPDH were 5 0 -ACCACAGTCCAT GCCATCAC-3 0 and 5 0 -ACGGATACATTGGGGGTAGG-3 0 . Quantitative real-time polymerase chain reaction (PCR) of mitochondrial DNA deletions and depletions was performed using the SYBR Green Master Mix on a 7500 system (Applied Biosystems, Foster City, CA, USA). Standardization was performed using wild-type mitochondrial DNA and GAPDH, respectively, and evaluated using the comparative CT method (2-DDCT).
Cell viability assay
Cell viability was measured using the CCK8 kit (Dojindo). Briefly, NRK52E cells were treated with 200 lM H 2 O 2 for 0, 24, 48 and 72 h in a 10-cm dish. Cells were digested with 0.25% trypsin and then transferred to the 96-well plates (5 Â 10 3 cells/ well) for cell viability assay. The volume of each well was 100 lL; four parallel wells were set during the experiment; and 10 lL of CCK8 was added into each well followed by incubation for 1 h at 37 C. Cell absorbance value was detected at 450 nm using the SpectraMax i3 Microplate Reader [Molecular Devices (Austria) GmbH, Wals-Siezenheim, Austria]. All CCK8 results were obtained from at least three separate experiments.
ROS generation detection
ROS production from mitochondria was measured with the Amplex Red H 2 O 2 /peroxidase assay kit (Invitrogen) using the SpectraMax i3 Microplate Reader. The H 2 O 2 level was determined by measuring the fluorescence at 37 C with excitation and emission wavelengths of 544 and 590 nm, respectively.
Statistical analysis SPSS v12.0 software (SPSS, Chicago, IL, USA) was used for the data analyses. Continuous values were expressed as mean 6 standard deviation. Statistical significance was determined by analysis of variance (ANOVA). A two-tailed value of P < 0.05 was considered statistically significant.
R E S U L T S
Assessment of renal function and survival of rats
Serum creatinine levels in the sham-operation, IRI and POC group rats were measured 2 days and 3 months after reperfusion to determine their renal function. As shown in Figure 1A , IRI group rats had an elevated serum creatinine at 2 days, indicating renal function impairment. However, serum creatinine levels in the POC group rats were significantly lower than that in the IRI group rats at Day 2 after reperfusion. At 3 months, there was no difference between serum creatinine levels in the IRI group rats compared with the POC group rats. In the IRI group, the survival rate of rats was 56.3%, compared with 81.3% in the POC group at 30 days after insult (P < 0.01). No rats died in the sham-operation group ( Figure 1B) Renal histopathological changes At 3 months after reperfusion, cortical glomerulosclerosis, interstitial fibrosis and myofibroblast accumulation in the medullae of kidneys sustaining IRI were detectable by H&E and Masson trichrome staining. Rats in the POC group had significantly milder renal histopathological changes compared with those in the IRI group ( Figure 1C ).
Oxidative stress detection
Past studies have shown that ROS is one of the pathogenic components of acute renal IRI [18] . Furthermore, immunological or pharmacological suppression of oxidative stress exerts a significant protective effect on the kidneys sustaining acute IRI [18, 19] . Since ROS reacts with nitric oxide and generates peroxynitrite (which binds to protein residues such as tyrosine and yield nitrotyrosine), nitrotyrosine can be considered a biological marker of oxidative stress [20] .
In the current study, we detected significantly higher nitrotyrosine expression by immunohistochemistry staining in the IRI group 3 months after reperfusion, while nitrotyrosine expressions were significantly lower in the POC group (Figure 2A) . These results were further confirmed by Western blotting ( Figure 2B ). To quantify ROS generation, the Amplex Red H 2 O 2 /peroxidase assay kit was applied as described previously [11] . Increased ROS was detected in the IRI group, which was attenuated by POC ( Figure 2C ), thus indicating that POC could significantly reduce ROS generation associated with reperfusion.
Mitochondrial DNA damage and deletions
It is widely accepted that mitochondrial DNA is more vulnerable to oxidative stress compared with nuclear DNA. Thus we used 8-OHdG as an oxidative damage indicator to evaluate the degree of DNA injury 3 months after reperfusion. Severe damage was observed in the cytoplasm of IRI group cells, and fewer 8-OHdG expressions were noted in nuclei, suggesting that oxidative damage mainly occurred in mitochondrial DNA rather than in nuclear DNA. Interestingly, little 8-OHdG expression was observed in the nuclei and cytoplasm of POC group cells ( Figure 2D ). Furthermore, real-time PCR was performed to detect mitochondrial DNA deletions. Compared with the IRI group, the degree of mitochondrial DNA deletion in the POC group was significantly lower ( Figure 2E ).
POC had no effects on IRI treated with oxygen-free radical scavengers
To further clarify the possible mechanisms involved in the protective effect of POC, POC rats were subjected to free-
radical scavengers including apocynin, a cell-permeable NADPH oxidase inhibitor or Mito-T (a mitochondrial-targeted ROS scavenger), respectively [21, 22] . Apocynin or Mito-T has been reported to have a renal protective effect by decreasing ROS generation [23] . The Amplex Red H 2 O 2 /peroxidase assay kit was used to quantify ROS generation in isolated intact mitochondria.
Two days and 1 month after reperfusion, increased levels of H 2 O 2 were detected in the mitochondrial fraction in IRI kidneys compared with sham-operated kidneys. Interestingly, IRI rats receiving POC, apocynin or Mito-T all exhibited markedly attenuated ROS generation; however, no significant difference was detected between POC-treated rats receiving apocynin or Mito-T compared with IRI-treated rats receiving apocynin or Mito-T ( Figure 3A ). In addition, mitochondrial DNA deletions were detected in IRI rats 1 month after reperfusion, which was ameliorated by POC, apocynin or Mito-T; no additive effects were detected when POC was administered to IRI rats receiving apocynin or Mito-T ( Figure 3B) .
Finally, POC, apocynin or Mito-T all attenuated renal fibrosis, manifesting lower levels of a-SMA expression in the IRI rats 1 month after reperfusion; however, POC exhibited no additive effects when applied to IRI rats receiving free radical scavengers ( Figure 3C ). These in vivo results further suggested that IRI increases ROS production, and that POC prevents reperfusioninduced mitochondrial dysfunction and fibrosis by inhibiting ROS generation.
Oxidative stress-induced EMT in NRK52E cells
Existing studies suggested that the generation of oxidative stress is closely related to the fibrotic process and plays an important role in pathogenesis [24, 25] . Moreover, most researchers agree that EMT is an important mechanism of organ fibrosis; indeed, growing evidence attributes EMT as a major contributor to the generation of interstitial myofibroblasts [26, 27] . However, it is still unclear whether EMT results from excessive ROS generation in IRI-induced renal fibrosis.
We proposed that oxidative stress might be a major stimulant for the EMT process of tubular epithelial cells. First, previous studies have revealed that a concentration of 2 mM H 2 O 2 induced necrosis in cultured human renal proximal tubular epithelial cells, HK-2 cells [28] . However, Kumar et al. [29] showed that HK-2 cells treated with up to 1000 lM H 2 O 2 for 48 h remained viable. In our study, decreased cell viability was detected beginning from 24 to 72 h after H 2 O 2 treatment ( Figure 4A) ; however, a large proportion of cells remained viable. These results suggest that surviving cells might undergo EMT. NRK52E cells treated with 200 lM H 2 O 2 for 18 h showed higher vimentin expressions and lower ZO-1 expressions compared with the control group ( Figure 4B ). These results indicate that NRK52E Oxidative stress-induced mitochondrial DNA damage and DNA deletions in NRK52E cells
To evaluate whether oxidative stress-induced EMT is associated with mitochondrial DNA damage and DNA deletions, NRK52E cells were treated with 200 lM H 2 O 2 for 18 h. As shown in Figure 4C , higher levels of mitochondrial DNA deletions were detected in H 2 O 2 -treated NRK52E cells compared with the control cells. Furthermore, 8-OHdG and ZO-1 immunofluorescence staining showed that 8-OHdG was detectable in the cytoplasm, whereas ZO-1 expression decreased in H 2 O 2 -treated NRK52E cells ( Figure 4D ). These findings 
Mitochondrial DNA depletion-induced EMT
To evaluate whether mitochondrial DNA damage participates in EMT in NRK52E cells, we used EtBr to deplete mitochondrial DNA. As shown in Figure 5A , EtBr treatment resulted in a significant reduction of PCR products in wild-type mitochondrial DNA. To clarify the morphological changes of NRK52E cells with less abundant mitochondrial DNA, EtBrtreated cells were subjected to MITOTracker staining. We found that the mitochondrial network broke down and was fragmented into short rods or spheres ( Figure 5B ), thus suggesting that mitochondrial DNA loss was associated with mitochondrial injury [30] . Immunofluorescence staining of mitochondrial DNA-depleted cells showed that ZO-1 staining was reduced but vimentin staining increased ( Figure 5C ). These results further confirm that mitochondrial DNA damage and DNA depletion could induce EMT. Hence, we conclude that mitochondrial DNA damage, DNA deletion and DNA depletion could result in EMT and contribute to the formation of renal fibrosis.
D I S C U S S I O N
Renal fibrosis, particularly tubulointerstitial fibrosis, is a common pathology found in patients with end-stage renal disease. Most cases of renal fibrosis result from trauma, infection, inflammation and circulatory failure. Existing treatment approaches only include lifelong dialysis or kidney transplantation. In addition, renal IRI can lead to acute tubular necrosis, damaged renal structure and tubulointerstitial fibrosis, thus resulting in functional decline and higher mortality.
In our study, using rats sacrificed 3 months after reperfusion, H&E and Masson staining demonstrated significant glomerulosclerosis, tubulointerstitial fibrosis and medullary myofibroblasts accumulation in the IRI group, and these changes were attenuated by the POC treatment. Similarly, Weng et al. [31] FIGURE 3: POC has no effect on IRI rats treated with free-radical scavengers. (A) Mitochondrial ROS production. ROS increased in the IRI group compared with that in the sham-operated group, which was blunted by POC, apocynin or Mito-T. However, POC had no additive effect when given to IRI rats receiving apocynin or Mito-T (mean 6 standard error; n ¼ 4). IA, I/R þ apocynin; PA, POC þ apocynin; IM, I/R þ Mito-T; PM, POC þ Mito-T. At 2 days (2d), # P < 0.05 versus sham group, *P < 0.05 versus IRI group; after 1 month (1m), # P < 0.05 versus sham group, *P < 0.05 versus IRI group. (B) Real-time PCR analysis of mitochondrial DNA (mtDNA) deletions. Significant mitochondrial DNA deletions were detected in the IRI group, using the primer pair between base pair 7835 and 13 129. POC, apocynin and Mito-T all attenuated mitochondrial DNA deletions, but no difference was detected when POC was given to IRI rats receiving apocynin or Mito-T.
# P < 0.05 versus sham group, *P < 0.01 versus IRI group. (C) a-SMA expression was analyzed using western blotting. One month after reperfusion, increased a-SMA expression was markedly reduced by POC, apocynin or Mito-T; however, no difference was detected when POC was given to IRI rats receiving apocynin or Mito-T. Values are presented as mean 6 standard error (n ¼ 4). # P < 0.05 versus sham group, *P < 0.05 versus IRI group. n.s., not significant.
showed that POC treatment improved renal fibrosis by inhibiting the TGF-b1/phospho-Smad2 pathway.
Oxidative stress plays an important role in renal fibrosis, and ROS has been found to activate the TGF-b1/Smad signaling pathway involved in the pathogenesis of renal fibrosis [32] [33] [34] . However, whether POC can protect mitochondria from oxidative stress injury after reperfusion in the long term remains unknown. Whether mitochondria injury induced by oxidative stress is involved in EMT and in the progression of renal fibrosis is also unclear.
Therefore, we hypothesized that increased oxidative stress induced mitochondrial damage and could contribute to the progression of renal fibrosis. We found that POC treatment could ameliorate renal fibrosis by lowering ROS production and subsequent mitochondrial damage; this was shown by increased nitrotyrosine staining 3 months after reperfusion, which could be attenuated by POC treatment. Our findings indicate that high-level ROS detected in the kidneys after long-term perfusion is associated with renal fibrosis.
Past studies revealed that ROS (including superoxide anion, hydroxyl radical and singlet oxygen) were mainly produced by mitochondria, and mitochondria were vulnerable to excessive ROS [35, 36] . In our study, a large amount of 8-OHdG was detected in the cytoplasm of tubular cells in the IRI group 3 months after reperfusion, which indicates that mitochondrial DNA was damaged. Since only a few 8-OHdG-positive cells were found in the POC group, it is likely that POC treatment could inhibit mitochondrial DNA damage associated with oxidative stress.
It is widely reported that ROS leads not only to single-and double-stranded breaks, but also to mitochondrial DNA deletions [37, 38] . Mitochondrial DNA deletions have been implicated in various human diseases, including chronic renal tubulointerstitial injury [38] [39] [40] . In our study, many mitochondrial DNA deletions were detected in the kidneys 3 months after reperfusion in IRI group, but few mitochondrial DNA deletions were detected in the POC group. Hence, these results indicate that POC treatment could protect the kidneys from oxidative stress-induced mitochondrial DNA damage and DNA deletions-translating into less severe renal fibrosis.
Greenburg and Hay [41] first described EMT as a phenomenon in which epithelial cells gain the capacity to elongate and to invade the extracellular matrix. Iwano et al. [42] then demonstrated (in a unilateral ureteral obstruction model) that fibroblasts could be transformed locally through EMT. EMT is characterized by a decreased expression of epithelial markers and an increased expression of fibroblast-specific protein 1 (FSP1) and vimentin.
To determine whether oxidative stress could induce EMT, H 2 O 2 -treated NRK52E cells (showing decreased expression of ZO-1 and increased expression of vimentin) were detected. We further evaluated whether the oxidative stress-induced mitochondrial DNA injury is an important factor contributing to the activation of EMT during renal fibrosis. In Figure 3C , 8- Furthermore, mitochondrial DNA deletions were also detected in H 2 O 2 -treated NRK52E cells. Decreased ZO-1 expression and increased vimentin expression were similarly detected in EtBrinduced mitochondrial DNA-depleted NRK52E cells. These findings support our hypothesis that the loss of polarity of epithelial cells with transformation to cells with mesenchymal features in renal tubular epithelial cells might be caused by mitochondrial DNA damage or loss.
In conclusion, excessive ROS generation can result in mitochondrial DNA damage and deletions, and is an important factor in activating EMT during IRI-induced renal fibrosis. We speculated that POC treatment could alleviate chronic renal tubulointerstitial fibrosis by inhibiting ROS generation and by attenuating mitochondrial DNA damage and deletions.
Findings from the current study suggest that POC treatment may be a promising therapeutic option for protecting against renal fibrosis caused by renal IRI. 
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